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62 Sir William Siemens on t]~e 

These lines intersect the triangles (fig. 1) at their angles, and 
also at the bisection of their sides. At these points the mo- 
tion has been already determined. The motion is circular if 
p is an even multiple of ½, at the points for which l - - A =  + B 
-- that  is, where q--r=-2m+ ~ (m being an integer); and if 
p is an odd multiple of 1, at~l~e points for which [ +A----- _+ B 
-- that  is, where q--r=2m+½. 

These conditions are satisfied at the middle points of the 
triangles. In fig. 2 are shown the nodes and the circular 
points, the arrows indicating the phase when t=0.  It will be 
noticed that at adjacent circular points the motion is in oppo- 
site directions. 

It would be possible to construct a piece of apparatus to 
exhibit the motion approximately. A piece of elastic mem- 
brane, sufficiently stretched in all directions, should be fasteaed 
at a se~ of points corresponding to the points of rest, and the 
middle points of the triangles should then be displaced accord- 
ing to the phase (see fig. 2), and carried round their original 
positions in circles of equal size and period, the adjacent mo- 
tions being iu opposite directions--an arrangement which 
might easily be eff~cted by a series of cogged wheels. We 
should then have a number of points fixed, and the correct 
motion given at other points where the motion is greatest. 
The motion of the rest of the membrane except near the edges 
would then be approximately correct. 

In fig. 3 is given an enlarged view of one of the triangles, 
showing seine of the points where the motion is elliptic, and 
the displacement of the lines through the nodes parallel and 
perpendicular to the rays. 

IX. On the Conservation of Solar Ener.qy. 
Reply by Sir WILLIAM SIEMENS to Mr. E. H. Cook*. 

A RTICLE LX. in the June Number of the ' Philosophical 
Magazine,' by E. H. Cook, B.Sc., calls tbr a reply to 

some of the objections raised against my Solar hypothesis, 
which I am the more readily disposed to give, inasmuch as 
they differ from those already raised by others, and involve 
moreover questions of general interest. Mr. Cook proves 
that CO~ is distributed uniformly throughout our atmosphere; 
and concludes that the power of gaseous difihsion is such that, 
admitting (as he does) a universal plenum, the same gaseous 
proportion must prevail thro~lg.hout space--that, in short, 
there must be as large a propor~lon of C02 and N in space 

Communicated by the Author. 
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Conservation of Solar Enerjy. 63 

and in the solar photosphere as in our atmosphere, and for 
the same reason no more hydrogen in those regions than we 
can detect in the atmosphere. 

While admitting the uniform distribution of CO: in our 
atmosphere, which is subject to powerful circulating currents, 
I cannot agree with Mr. Cook in ascribing to gaseous diffu- 
sion any considerable influence upon the constitution of a 
great solar inflow and outflow current. Mr. Cook points 
out very properly that the density of some of the metallic 
vapours known to exist in the sun is either inferior to, or 
does not materially exceed that oi, carbon dioxide; and these, 
he concludes, would mix rapidly by diffusive action with the 
photospheric current, doing away with its distinctive character; 
regarding stellar material, he says, towards the end of his article, 
"any  difference in composition would be rapidly removed 
by the action of gaseous diffusion." Mr. Cook here appears 
to fall into a common error of interpreting Dalton's expression, 
that "one  gas diffuses into the space occupied by another as 
though the latter had no existence," into an action comparable 
to the rush of a gas into avacuum; whereasin reality the rate 
of the diffusion of gases at equal pressures does not exceed a 
few feet per hour, and that of fluids not a f~w feet per annum, 
as proved by Sir William Thomson's experiments now going 
on at Glasgow University. The effect of such slow action 
must be inappreciable upon gaseous currents depending upon 
solar rotation, amounting to 23,760,000 feet per second, or 
4500 miles an hour. The metallic vapours in the photosphere 
must theretbre be attributable chiefly to mechanical intermix- 
ture, which no doubt is considerable, not indeed on the polar 
surfimes~ where the tangential motion is not great, nor at the 
equator, where the photosphere has acquired the solar rotation, 
but in the intermediate zones of great differential velocity, 
rendered visible to us by the occurrence of sun-spots, the 
result, as is now largely admitted, of cyclonic action. The 
metallic vapours thus introduced into the photospheric current 
will be burnt and projected outwards into space, not indeed 
in the vaporous condition as supposed by Mr. Cook, but as a 
metallic dust (several thousand times denser than the sur- 
rounding medimn), the greater portion of which will pro- 
bably soon return to the sun by virtue of solar gravitation, 
there to be dissociated on reaching the great gaseous metallic 
sea underlying the photosphere. 

I t  is of course important to consider to what extent the 
density of this metallic sea is likely to exceed that of the pho- 
tosphere. Assuming the latter to contain, besides the light 
combustible gases, a large proportion of oxygen and nitrogen, 
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64 Sir William Siemens on the 

we shall be safe in estimating its mean density as equal to that 
of nitrogen~ or equal to 14; and assuming the metallic sea 
below to consist of both the heavy and light metallic vapours 
in reasonable proportions~ we shall probably be near the truth 
in assuming its mean vapour-density as being equal to that of 
iron~ or equal to 56. The photospheric current would there- 
fore sweep over an ocean only four times denser than itself~ 
which~ under terrestrial conditions~ would give rise to very 
active mechanical admixture; but this tendency is coun~er- 
acted upon the solar surface by a force of gravity 27 times 
greater~ exercising a separating influence analogous to that 
upon which the action of the ingenious cream-separator de- 
pends~ in which the force of gravitation is replaced by cen- 
trifugal action. To get tho parallel of terrestrial conditions~ 
we should have to assume the solar ocean to be 4 × 27=108 
times denser than the atmospheric current sweeping over 
it. The light metallic vaponrs will be held in suspension in 
the vast metallic ocean in the same way as oxygen and car- 
bonic anhydride are retained in sea-water. 

Mr. Cook thinks that the preponderance of hydrogen and 
CO in meteorites is inconsistent with the idea that the me- 
teoric gases have been absorbed in space; and he puts forward 
a theory making them the result of decomposition of solid 
hydrocarbon and oxides by heat while passing through our 
atmosphere perhaps more than once. A shell of fused mag- 
netic oxide of iron is supposed to be formed~ retaining these 
gases bottled as it were; but it may fairly be objected that 
such a fused shell~ if it were really formed~ would crack in 
cooling and allow the gas to escape through innumerable 
fissures. It is sufficient for us to know~ I think~ that the me- 
teorites contain all the constituents of our atmosphere except 
hydrogen~ which latter occurs in our atmosphere combined 
with oxygen~ whereas in space and in the solar photosphere 
we have evidence of its separate existence or in combination 
with carbon--a difference which is to my mind the necessary 
consequence of dissociation of carbonic acid and aqueous 
vaponr in space~ and of ignition and slow combnstion~ effecting 
their oxidation upon our earth. 

I cannot agree with Mr. Cook in supposing that a terrestrial 
polar inflow current would be inconsistent with the direction 
of the "return trade 'J winds~ of which it would simply form 
part~ the direction of both being necessarily from the north- 
east, in the northern hemisphere. 

Mr. Cook has evidently not followed me in my description 
of the equatorial outflow as a balanced current depending 
upon solar gravitation only for its donsity and rate of flow ; 
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Conservation of Solar Energy. 65 

he reintroduces the efi~ct of projection into space by centri- 
fugal force, and makes the remarkable statement that " i f  
owing to centrifugal force ~ is projected x miles into space, 
then sodium vapour~ which is 23 times as heavy~ will be pro- 

2 
jected 2-3 miles." Surely a pound of one substance is as 

good as another as regards vis inertice and gravitation; and it 
seems an unfair proceeding on the part of the latter force to 
recall the one sooner than the other simply because it is the 
denser of the two. Considering, however~ that the force of 
gravity is 46,800 times greater than centrifugal force upon the 
solar equator, no substance could be projected outward a single 
inch by centrifugal force, although that force is capable of de" 
termining the outflow of a gaseous column, balanced by an 
inflowing polar current of nearly the same density, thus giving 
rise to what I termed the solar "fan action." 

Sir. Cook remarks very properly, that my hypothesis, if 
applicable to the Sun, must be equally applicable to Sirius 
with its bluish-white and to Arcturus with its reddish light; 
and he says " i t  is difficult to see how these differences are 
to be accounted for "on  the principle of combustion, "the 
same atmosphere supplying them all." But surely the tem- 
perature of terrestrial coal-furnaces is not always the same, 
depending, as they do, upon the intensity of the draught and 
the density of the fuel employed. In the case of the photo- 
sphere the richness of the gaseous fuel is determined by its 
density (that is, by the magnitude of the solar body), and the 
intensity of the combustion by the draught (that is, by its 
tangential velocity), both of which may vary between wide 
limits ; and the latter]may be slowly diminishing, thus giving 
force to Dr. ttuggins's suggestion of the effect of age. The 
brilliancy of a fixed star must depend moreover upon our rela- 
tive position towards it, being partially obscured perhaps, if 
seen equatorially, by planetary matter. 

In conclusion, allow me to refer ~[r. Cook to the last issue 
of the Proceedings of the Berlin Academy. In it one of its 
members (my brother, Dr. Werner Siemens) gives a full 
investigation of the nature and causes of the electric potential 
supposed to exist between the Sun and our planet. After 
some hesitation~ my brother has arrived at the conclusion that 
this electrical connexion cannot be satisfactorily explained 
except by adopting my hypothesis of a material equatorial 
outflow, sweeping out from the Sun past our Earth, and car- 
rying with it particles of dust. When writing this article, 
my brother appears to have overlooked the most interesting 
observations that have been made for some years at the Green- 

Phil. Mag. S. 5. Vol. 16. No. 97. July 1883. F 
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66 Notices respecting New Books. 

wich observatory, showing a remarkable coincidence between 
terrestrial magnetic storms and solar disturbances observable 
as sun-spots. These observations completely confirm my  
brother 's  views on this subject, and agree also with those I 
ventured to put fbrward in my  original paper. 

X.  Notices respecting New Books. 

Sir William Hamilton : the .Man and his PhitosoThy. Two Lectures 
delivered before the Edinburgh Philosophical Institution, January 
and February, 1883. By Jom~ Vm~c~, LL.D. (W. Blackwood 
and Sons ; 1883 : pp. 68.) 

" I  HAVE got but one hour this evening to put before you the 
method and the main results of a great philosophy, the work 

of a man's lifetime." So opens the second lecture, which gives a 
rapid sketch of a philosophy, admittedly put forth to the world 
in fragments ; but " f rom the stately parts " of which " we can 
imagine the greatness of the whole, had the master's hand given 
them union and cohesion." Lectures written under the con- 
dition indicated above cannot be expected to go deep down into 
the subject ; and all the reader can reasonably look for is a clear 
and accurate presentment of facts. This he will find furnished 
in this interesting sketch. Students who want fuller details will 
find these in the same writer's larger work in Messrs. Blackwood's 
'Philosophical Classics for English Readers.' With one of 
Hamilton's opponents we say, "Long live the memory of William 
Hamilton, good, learned, acute, and disputatious." 

On the Motion of a Projectile in a Resisting Medium, and particularly 
when the _Resistance varies as the Gube of the Feb)city. By A. G. 
GR~nHIT,L. (Woolwich; printed at the Royal Artillery In- 
stitution, 1882 : pp. 32.) 
Mr. Bashforth's " Motion of Projectiles" contains a lengthy set 

of tables from which by laborious processes the path of the 
projectile may be constructed with almost any desired amount of 
accuracy ~. Prof. Greenhill comes to the consideration of the 
problem with his almost unequalled mastery of elliptic-function 
methods, and, as a result inter alia, appears to have simplified 
the calculation of some of Mr. Bashforth's tables. At the 
close are appended some practical tables, drawn up by Captain 
P. A. Maemahon, R.A., worked out from values given m Mr. 
Bashforth's "final report on experiments with the Bashforth chrono- 
graph," 1880. Though we cannot pronounce upon the technical 
applications of the paper, we ha~e read Prof. Greenhill's elegant 
analysis with interest. 

* Encycl. Met., art. Gunnery. The term laborious does not~ of course, 
that blame rests upon the writer of this classical treatise : even the 

c law, the simplest tc work with~ is fraught with difficulty. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
2:

14
 2

9 
Ju

ne
 2

01
6 


